Objectives: Prevention of obesity is a high priority of health management at workplaces. We conducted a follow-up study of obesity and obesity-related metabolic disorders in Japanese male workers. Subjects and Methods: Ninety-eight male workers engaged in the operation of a nuclear power plant in Shimane Prefecture, aged 41 ± 8 years in 2006, were subjected to regular health check-ups in 1996 and 2006. Results: The changes in their body weights and metabolic parameters (blood pressure, AST, ALT, γ-GTP, LDL-cholesterol, HDL-cholesterol, triglycerides, glucose and uric acid) were compared by BMI class and age group. Twenty-three percent of the subjects fell within the 23.0 to 24.9 BMI range, and 23% were over 25.0 BMI. Body weight increased significantly, by 3.6 ± 5.3 kg in all subjects, but there was no significant difference in weight gain over the 10 years by age or BMI group. Weight gain was positively associated with metabolic parameters, such as the values of systolic blood pressure, ALT, triglycerides and uric acid, and negatively associated with the value of HDL-C. Conclusions: Japanese male workers, regardless of age and BMI at baseline, experienced an increase of body weight and obesityrelated metabolic disorders. Therefore, health professionals in the workplace should consider educating workers about stress-coping methods to reduce job stress, promote a health-supportive environment, such as healthy menus in employee cafeterias and fitness clubs, and be cognizant of high-risk factors in the individual employee.
Introduction
Obesity is an important public health problem in the workplace in Japan 1, 2) , and is associated with the increased incidence of obesity-related diseases, such as cardiovascular disease (CVD), type 2 diabetes mellitus (diabetes), dyslipidemia, osteoarthritis and certain cancers 3) . Over eating and physiological inactivity are the major causes for this development. As prevention of obesity is a high priority of workplace health management, comprehensive action for obesity prevention must include 1) a "population" strategy for altering lifestyles and environmental factors in an entire population and 2) a "high-risk" strategy for the intervention in individuals identified as being at high cardiovascular risk 4, 5) .
The Japanese Ministry of Health, Labor and Welfare (MHLW) introduced a nationwide health screening and intervention program in April 2008, specifically targeting metabolic syndrome 6) . Although the MHLW chose the highrisk approach in light of the growing incidence of visceral obesity, several cohort studies in the United States and Japan have revealed unsatisfactory results for the high-risk approach in screening metabolic syndrome [7] [8] [9] [10] [11] .
Health professionals are generally of two minds in selection of either the high-risk or population approaches in the prevention of obesity and obesity-related disorders. Therefore, we conducted a 10-year follow-up study of obesity and obesity-related metabolic disorders for Japanese male workers to evaluate and identify evidence-based and costeffective preventive approaches.
received regular health check-ups in both 1996 and 2006 and were identified as the subjects of our study. Information on each participant's lifestyle and health status was obtained during the regular health check-ups in 1996 and 2006 using a self-reported questionnaire, including habits on smoking and prescriptions for obesity-related diseases, such as CVD, diabetes, dyslipidemia or hypertension. The ethical committee of the Shimane University School of Medicine approved all study protocols in November 2008.
Measurements
After a 12-hour overnight fast, each subject's body weight was measured to an accuracy of ± 0.2 kg with a standard scale while dressed in very light clothing, and height was measured to an accuracy of ± 0.5 cm with a height bar. BMI was calculated as weight (kilograms) divided by squared height (meters squared). Blood pressure was measured twice using a standard mercury manometer with the participants seated, the second measurement being used here.
Serum was collected from the antecubital vein. Total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides, AST, ALT, γ -GTP and uric acid levels were determined by standard laboratory procedures. Blood was collected into a tube containing sodium fluoride, and glucose was measured by the electrode method. The level of LDLcholesterol (LDL-C) was calculated by the following formula: total cholesterol (mg/dl) -HDL-C (mg/dl) -0.20 × triglyceride, in the case of less than 400 mg/dl of triglyceride 12) .
Statistical analyses
Analysis of data was performed with the SPSS statistical analysis software (Version 17.0J, SPSS Inc, Tokyo, Japan). Results were expressed as the mean ± standard deviation. The subjects were categorized into the following groups based on the Regional Office for the Western Pacific Region of WHO criteria pertaining to obesity (WPRO criteria, 2000): less than 22.9 BMI as "Normal"; 23.0 to 24.9 BMI as "Overweight"; and over 25.0 BMI as "Obese" 13) . BMI classes were analyzed for the relationships with obesityrelated disorders. The general Kendall test was used for frequency of BMI classes, gender or age groups; post hoc analyses by means of the Kendall test for two dependent samples were used for frequency and values of each class. For analysis of the cut-off point of BMI for detection of cardiovascular risk factors, we used the following criteria: high blood pressure, ≥ 130/85 mmHg 14) ; high ALT, ≥ 37 IU/l 15) ; high LDL-C, ≥ 140 mg/dl; low HDL-C, < 40 mg/dl; hypertriglyceridemia, ≥ 150 mg/dl 16) ; high fasting glucose, ≥ 100 mg/dl 17) ; and high uric acid, ≥ 7.0 mg/dl 18) . One way ANOVA or GLM multivariate analysis for the four BMI classes, age group and tertiles of weight changes for the tenyear period, adjusted for changes in smoking habits and prescriptions for diabetes or hypertension for the four BMI classes, was used for metabolic parameters; post hoc analyses were performed by the Bonferroni test for two independent samples, using < 23.0 BMI, the 30s age group or the lowest tertile of weight change as a reference category, respectively. Comparisons of 1996 and 2006 values were performed by paired t test to assess differences in anthropometric and metabolic parameters by age group. A nominal two-sided P value of less than 0.05 for one-way ANOVA or 0.025 for post hoc analyses of the three groups of BMI, age or weight change was used to assess significance.
Results
The BMI distribution and metabolic disorders in 2006 are shown in Table 1 . The most frequent range for BMI was below 23.0, and the mean value of BMI was 23.3. Our results showed 23% of the subjects as "Overweight", and 23% as "Obese" based on the WPRO criteria. There was no significant difference in age by BMI class, and the value of BMI by age group was 23.3 ± 3.3 for the 30s, 22.9 ± 3.2 for the 40s and 24.3 ± 3.2 for the 50s. Graded increases in BMI were positively associated with metabolic disorders. Compared to their "Normal" (BMI -22.9) counterparts, the "Overweight" subjects had a significantly higher frequency of metabolic disorders, such as elevated blood pressure, HDL-C, triglycerides and glucose, as did the "Obese" subjects for blood pressure, HDL-C, ALT, triglyceride, glucose and uric acid ( Table 1 ).
The 10-year changes in anthropometric and metabolic parameters from 1996 to 2006 by age group are shown in Table 2 . Body weight significantly increased by 3.6 ± 5.3 kg for all subjects, but weight gain by age group for the 10-year period was not significantly different. Significant differences of metabolic parameters were found in the changes in diastolic blood pressure, γ-GTP, LDL-C, triglycerides, glucose and uric acid. The numbers of prescriptions for hypertension, dyslipidemia or diabetes mellitus were 2, 0 and 0 in 1996, and 8, 0, 1 in 2006, respectively. Table 3 shows the changes in anthropometric and metabolic parameters for the 10-year period by BMI class in 1996. There was no significant difference in weight gain by BMI class, and the mean values of weight gain were 2.7 kg for "Normal", 5.1 kg for "Overweight" and 4.6 kg for "Obese". There were no significant differences in anthropometric and metabolic parameters, except for ALT. Table 4 shows the changes in anthropometric and metabolic parameters between tertiles of weight change for the 10-year period. We established tertiles by weight change, with -1.7 ± 2.5 kg (-8 to 1 kg) for the lowest, 3.3 ± 1.3 kg (2 to 6 kg) for the intermediate and 9.0 ± 4.2 kg (6 to 25 kg) for the highest tertile. There was no significant difference in age by tertiles of weight change. Weight gain was positively associated with metabolic parameters, such as the values of systolic blood pressure, ALT, triglycerides and uric acid, and negatively associated with the value of HDL-C.
Subjects with a history of smoking or non-smoking, respectively, numbered 61 and 37 in 1996 and 40 and 58 in 2006 with 21 workers having stopped smoking during the 10-year period. There were no significant differences in age, weight gain or any anthropometric or metabolic parameter by smoking habits in 2006 (data not shown). To adjust for smoking habits and prescriptions, GLM was used for tertiles of weight changes for the 10-year period, adjusted for smoking cessation and beginning of prescriptions for hypertension and diabetes mellitus from 1996 to 2006, for metabolic parameters, the 30s age group or the lowest tertile of weight change as a reference category (data not shown). Adjusted weight gains were positively associated with metabolic parameters, such as the values of systolic blood pressure, ALT and triglycerides, and negatively associated with the values of HDL-C (data not shown). 
Discussion
The present study showed that these male Japanese workers had an average weight gain of 3.6 kg from 1996 to 2006, and no significant differences in weight gain were found among the age groups or BMI classes. The number of subjects in the present study was small, but the mean value for BMI was 23.3 in 2006, which is similar to the mean values of 22-23 BMI for Japanese males reported in several population-based investigations in Japan [19] [20] [21] [22] . Japanese national surveys have shown that the mean BMI values for the Japanese population have increased slightly in males of all ages, but decreased slightly in females, between 1976 and 2005 1, 2) , in line with our results.
In the present study, "Overweight" and "Obese" were associated with obesity-related metabolic parameters including hypertension, dyslipidemia and glucose intolerance, as has been previously noted by several studies of Japanese populations 21, [23] [24] [25] [26] [27] . Asian populations have higher body fat deposits at a lower BMI than Caucasians, but even moderate One-way ANOVA with trend analysis was used to assess differences in anthropometric and metabolic parameters by weight change quadrants, and post hoc analyses were performed by the Bonferroni test for two independent samples using the lowest tertile of weight change as a reference category. NS: not significant (P≥0.05).
weight gain in Asians is increasingly an indicator of obesityrelated diseases 13, 19, 20) . Anthropometrical comparisons show that Asians have more subcutaneous fat than Caucasians. In the Chinese, individuals with a BMI of 23-24 have the same percent fat as Caucasians with a BMI of 25 or African-Americans with a BMI of 28-29 28) . Based on the increased risk of being "Overweight" for a BMI of 23.0-24.9, the results of the present investigation suggest that the WPRO criteria are most suitable for adult Japanese workers. We previously reported on the suitability of anthropometric measurement tools such as BMI and waist circumference for multiple metabolic disorders 26) . Thus, we believe it is possible that BMI and waist circumference are an equally effective in obesity-related disorders 26, 29) . We also found a weight gain of 3.6 kg over a 10-year period in all the age groups and BMI classes from 1996. Weight gain equivalent to 5% of the body weight likely caused the metabolic parameters, including increases in diastolic blood pressure, γ -GTP, LDL-C, triglycerides, glucose and uric acid. Therefore, a 5% weight gain for Japanese would seem to be of greater importance for its effect on obesity-related metabolic disorders, much the same as in Caucasians 30) .
The MHLW favors the high-risk approach for metabolic syndrome, which consists of screening and educational intervention 6) . Several cohort studies, including studies performed in the United States and Japan, have indicated the insufficient effects of a high-risk approach for screening metabolic syndrome [7] [8] [9] [10] [11] . Our investigation revealed that the Japanese male workers, regardless of age and BMI at the baseline, experienced increased body weight together with obesity-related metabolic disorders in line with the male Japanese population. Therefore, we think an evidence-based and cost-effective preventive strategy is a combination of the high-risk and population approaches. As the job demands of a quantitatively greater workload may factor into eating disorders in male Japanese workers 31) , the MHLW has promoted reduction of job load and overtime. Health professionals in the workplace should consider enforcement of measures and education to enhance the workers' ability to cope with and reduce job stress 31) , and support a healthfriendly environment, such as healthy food 32) in employee cafeterias and fitness clubs 33) , together with a high-risk intervention approach.
The present study has some limitations. The number of subjects was small, although they did have BMI values and weight gain trends similar to those reported in several population-based investigations in Japan [19] [20] [21] [22] . Another limitation was the lack of lifestyle information on the subjects, except for information about smoking and prescriptions for obesityrelated diseases such as diabetes, dyslipidemia and hypertension.
In conclusion, we report that Japanese male workers, regardless of age and BMI at the baseline, experienced increased body weight and obesity-related metabolic disorders. Therefore, health professionals in the workplace should concentrate on a population approach, such as health education and a supportive work environment, together with a high-risk intervention approach.
